Sichuan pickles (Paocai) are a traditional Chinese fermented vegetable food that is rich in bene cial microorganisms. In this study, the inhibition of constipation by Lactobacillus plantarum CQPC02 (LP-CQPC02) isolated from Sichuan Paocai was studied by establishing a constipation model of mice using activated carbon. e constipation inhibition e ect of LP-CQPC02 was determined by observing the defecation of mice, rate of active carbon propulsion, pathological section observation, serum index, and small intestinal mRNA expression.
Introduction
In China, Sichuan pickles (Paocai) are produced by washing fresh pickles, sealing them in jars containing brine, and allowing anaerobic fermentation to proceed [1] . Salt water plays an important role in the process of vegetable juice exudation. Lactic acid bacteria use soluble sugar and nitrogen components to proliferate themselves, produce acidic substances, and metabolize avor components, which results in the unique sour and crisp taste of the pickles [2] . Paocai contains abundant natural lactic acid bacteria that play a key role in the formation of kimchi avor and quality [3] . Certain lactic acid bacteria are also used as probiotics and have a variety of health bene ts, including the prevention of constipation, colitis, liver damage, and diabetes [4] [5] [6] [7] . Previous studies have elucidated the mechanism of the efficacy of lactobacillus, the antioxidant effect of Lactobacillus fermentans LF31 and Lactobacillus coryniformis, and the constipation prevention effect of Lactobacillus plantarum YS4 [8, 9] . Our research team isolated and identified the microorganisms from Sichuan Paocai and conducted further study of all Lactobacillus that were present.
ere are many types of pickles in East Asian countries, and an increasing number of studies have been carried out on the probiotic microorganisms in pickles. Lactic acid bacteria in pickles not only have good functional effect but also can be used to produce fermented food. With the biological activity of lactic acid, functional foods can be developed. Our team has also isolated and identified the microorganisms in pickles. In the current study, lactic acid bacteria were isolated and identified from natural fermented Sichuan Paocai in Chongqing, China.
In addition to probiotics, there are also harmful bacteria in the intestine. Normally, they are in equilibrium [10] . Probiotics in the intestine are also involved in digestion. Without probiotics, indigestion and digestive tract dysfunction will occur [11] . Lactic acid bacteria in the gastrointestinal tract can effectively inhibit the growth and reproduction of harmful bacteria through lactic acid metabolism and maintain the ecological balance and normal function of the intestinal tract. Chronic diarrhea, constipation, abdominal distension, dyspepsia, and other symptoms are related to the imbalance of lactic acid bacteria in the intestine [12] . Lactobacillus activates macrophage phagocytosis and also plays an active role in intestinal colonization. Lactobacillus can stimulate peritoneal macrophages, induce interferon, promote cell division, produce antibodies, promote cellular immunity, enhance nonspecific and specific immune response, and improve disease resistance [13, 14] . Constipation is mainly manifested by difficulty in defecation and dry stool [15] , and it can slow down intestinal peristalsis, increase harmful intestinal bacteria, and further cause other intestinal diseases [16] .
As a probiotic, lactic acid bacteria have been used to alleviate constipation. Studies have also found that the correlation between lactic acid bacteria and intestinal flora regulation mainly comes from two aspects. First, lactic acid bacteria can produce organic acids in the intestine, repair and promote intestinal function, reduce the pH of the intestinal cavity, regulate intestinal neuromuscular activity, and enhance intestinal peristalsis, thereby promoting intestinal digestion and absorption. Second, lactic acid bacteria can effectively inhibit the growth of intestinal spoilage bacteria, improve intestinal remission, and cause feces to be soft and conducive to excretion [17] .
In this study, activated carbon was used to establish an animal model of constipation, resulting in abnormal physiological effects of the small intestine and inducing constipation in mice. Our team isolated and identified Lactobacillus plantarum CQPC02 (LP-CQPC02) from Sichuan Paocai, and herein, we observed the inhibitory effect of LP-CQPC02 on experimental constipation. e mechanism of LP-CQPC02 was further elucidated through molecular biology experiments, which laid a foundation for further study. 
Materials and Methods

Induction of Constipation in Mice.
Sixty SPF-grade 6-week-old female Kunming (KM) mice were purchased from the Laboratory Animal Center of Chongqing Medical University (Chongqing, China). e animals were fed in a standardized laboratory with room temperature 25 ± 2°C, relative humidity 50 ± 5%, and 12 h light/12 h darkness. e experiment began one week after adaptive feeding. Fifty mice were randomly divided into five groups after one week of adaptive feeding, with 10 mice in each group, namely, the normal group, control group, Lactobacillus delbrueckii subsp. bulgaricus gastric lavage group (LB group), Lactobacillus plantarum CQPC02 low-concentration gastric lavage group (LP-CQPC02-L), and Lactobacillus plantarum CQPC02 high-concentration gastric lavage group (LP-CQPC02-H). e entire experimental period was 10 days. From the first day after a week of adaptive feeding, the normal group and control group were given normal saline every day. e LB group was given 1.0 × 10 9 CFU/kg of the LB strain, and the LP-CQPC02-L and LP-CQPC02-H groups received 1.0 × 10 8 CFU/kg and 1.0 × 10 9 CFU/kg, respectively, of LP-CQPC02. From the 7th day to the 9th day, except for the normal mice, the mice in each group were given 0.2 mL per day of 10% activated carbon ice water. During the experiment, mice were weighed every day. After the 9th day of gavage, all mice were fasted for 24 h, and on the 10th day, all mice were gavaged with 0.2 mL of 10% activated carbon ice water. en, each group of mice was divided into two groups, and five mice were gavaged with activated carbon ice water to observe the time of excretion of their first black stool; the remaining five mice were euthanized after 30 min of gavage with activated carbon ice water, and plasma was collected.
e small intestine from the pylorus to the ileocecal region was removed to measure the length of the small intestine and the propulsion distance of activated carbon in the small intestine. e propulsion rate of the small intestine was calculated by the following formula: activated carbon propulsion rate (%) � activated carbon propulsion distance (cm)/length of the small intestine (cm) [18] , the small intestine was from the pylorus to appendix. is study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Chongqing Collaborative Innovation Center for Functional Food (201807004B).
Determination of Endothelin (ET), Somatostatin (SS),
Motilin (MTL), Gastrin (Gas), and Acetylcholinesterase (AChE) in Mouse Serum. Mouse blood was collected, and after 1 h, the blood was centrifuged at 4500 r/min for 15 minutes. Serum levels of ET, SS, MTL, Gas, and AChE were determined using kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Observation of the Small Intestine Tissue Section from
Mice. e 0.5 cm 2 small intestinal tissues of mice were immediately fixed in 10% formalin solution for 48 h. After dehydration, transparency treatment, wax immersion, embedding, and sectioning, H&E staining was performed to observe the morphological changes of the small intestinal tissues under optical microscopy (BX43, Olympus, Tokyo, Japan).
Quantitative PCR (qPCR)
Assay. Total small intestinal RNA was extracted with TRIzol reagent according to the instructions (Invitrogen, Waltham, MA, USA). e purity and concentration of the total RNA were determined using an ultra-microspectrophotometer (Nano-100, All For Life Science, Hangzhou, Zhejiang, China), and then, the concentration of RNA in all samples was adjusted to the same level (1 μg/μL).
en, 1 μg/μL RNA sample was added to 1 μg/μL primer dT and 10 μL sterile ultrapure water, and the mixture was reacted at 65°C for 5 min. When the reaction was completed, 1 μg RiboLock RNase Inhibitor, 2 μg 100 mM dNTPs, 4 μg 5 × reaction buffer, and 1 μg RevertAid M-mu/RT ( ermo Fisher Scientific, Inc., Waltham, MA, USA) were added to the reaction system. e total reaction volume of 20 μg liquid was homogeneously mixed, and then, it was subjected to 42°C for 60 min and 5 min at 70°C, for RevertAid/RT. After gene synthesis, the target gene was retranscribed and amplified. e following reaction conditions used were: 95°C denaturation for 15 min, 60°C annealing for 1 h, and 95°C extension for 15 min, for a total of 40 cycles. e relative expression (Table 1 ) of the target gene was calculated by the 2 −ΔΔCt method using DAPDH as a housekeeping gene [18] .
Statistical Analysis.
In this study, the experiments were carried out in triplicate, and the results were averaged. en, the standard deviation was obtained from each group of data to measure the data difference from three experiments performed using the same parameters. Finally, one-way ANOVA analysis was carried out for each group of data, and a conclusion was drawn by comparing the differences (p < 0.05) using the SAS 9.1 statistical software [18] .
Results
Body Weight Changes in Mice.
Observing the weight changes in the mice, it was found that the weight of mice in each group increased normally before they induced constipation ( Figure 1 ). e weight gain of mice in the LP-CQPC02-H group decreased after induced constipation, while that of mice in the LP-CQPC02-L, LB, and control group decreased; the greatest weight loss was observed in the control group mice.
erefore, LP-CQPC02 and LB can inhibit the weight loss caused by constipation in mice, and the high concentration of LP-CQPC02 was the most optimal.
First Black Stool Discharge Time in Mice.
e results showed that the first black stool discharge time was the longest in the control group and the shortest in the normal group ( Figure 2 ). After the times for the LP-CQPC02 and LB groups were recorded, it was evident that the first black stool discharge time of constipated mice was shorter. e first black stool discharge time of constipated mice after LP- CQPC02-H administration was significantly (p < 0.05) lower than that of the LP-CQPC02-L and LB mice. It can be concluded that the defecation time of constipated mice was decreased after LP-CQPC02 treatment in a dose-dependent manner, with a decrease that corresponded to the increase in LP-CQPC02 concentration.
Activated Carbon Propulsion Rate in the Small Intestine of
Mice. By observing the small intestine of mice, it was found that the propulsion rate of activated carbon in the small intestine of the normal mice was the highest (Table 2 ). e propulsion rate of activated carbon in the small intestine of the LP-CQPC02-H group was significantly (p < 0.05) higher than that of other groups except the normal group. At the same time, the propulsion rate of activated carbon in constipated mice treated with LP-CQPC02-L and LB was significantly (p < 0.05) higher than that in the control mice. is shows that LP-CQPC02 can repair the intestinal tract, promote the propulsion of activated carbon in the small intestine, and inhibit constipation.
Serum MTL, Gas, ET, SS, and AChE Levels in Mice.
e serum levels of MTL, Gas, ET, and AChE in the normal mice were the highest, while the serum levels of SS were the lowest (Table 3 ). In the control mice, the serum levels of MTL, Gas, ET, and AChE were the lowest, while the serum levels of SS were the highest. LP-CQPC02 and LB increased the levels of MTL, Gas, ET, and AChE in the serum of mice with constipation and decreased the levels of SS. LP-CQPC02-H had the strongest effect and can be used as a serum indicator of mice that are close to that of the normal mice.
Pathological Observation of the Small Intestine Tissue.
Small intestinal tissue in the normal mice exhibited villi that were uniformly arranged without breaking or shrinking, while the villi of the control mice showed a great deal of breaking and shrinking, and the goblet cells were incomplete (Figure 3) . Although the small intestinal villi of LB-, LP-CQPC02-L-, and LP-CQPC02-H-treated mice were also contracted and fractured to a certain extent, the small intestinal morphology and villi of mice in the LF-CQPC10-H group were more complete than those of the control mice, and the small intestinal villi morphology and villi of mice in the LF-CQPC10-H group were almost the same as those of the mice in the normal group.
c-Kit mRNA Expression in the Small Intestine of Mice.
e results of qPCR showed that the c-Kit mRNA expression in the small intestine of the normal mice was the strongest (Figure 4 ). e c-Kit expression intensity in the small intestine of LP-CQPC02-H mice was only lower than that of the normal mice, which was significantly (p < 0.05) higher than that of the other groups. e expression of c-Kit in the small intestine of LP-CQPC02-L and LB mice was slightly higher than that of the control group, but there was no significant difference (p > 0.05).
SCF mRNA Expression in the Small Intestine of Mice.
e normal mice showed the strongest expression of SCF, while the control mice showed the weakest expression of SCF ( Figure 5 ). After LP-CQPC02 and LB treatment, the expression of SCF in constipated mice was upregulated, and the ability of LP-CQPC02-H to upregulate the expression of SCF was significantly (p < 0.05) stronger than that of LP-CQPC02-L and LB.
GDNF mRNA Expression in the Small Intestine of Mice.
e results showed that the expression of GDNF was weakest in the small intestine of the control group, but strongest in the normal group (Figure 6 ).
rough the effects of LP-CQPC02 and LB, the expression of GDNF in the small intestine of the constipated mice was significantly (p < 0.05) upregulated, and the strongest upregulation occurred in mice that received the high concentration of LP-CQPC02 (LP-CQPC02-H).
TRPV1 mRNA Expression in the Small Intestine of Mice.
Compared with the normal group, the expression of TRPV1 in the small intestine of the control group was significantly (p < 0.05) upregulated after induced constipation (Figure 7) . LP-CQPC02 and LB inhibited the upregulation of TRPV1 expression caused by constipation. LP-CQPC02 exerted a stronger effect than LB, and LP-CQPC02 inhibited the upregulation of TRPV1 expression with an increasing dose. 
iNOS mRNA Expression in the Small Intestine of Mice.
e expression of iNOS in the small intestine of the control group mice was significantly (p < 0.05) (p < 0.05) higher than that of the other groups, while the expression of iNOS in the small intestine of the normal group mice was significantly (p < 0.05) lower than that of the other groups (Figure 8 ). e expression of iNOS in the small intestine of LP-CQPC02-H, LP-CQPC02-L, and LB mice increased in turn. e expression of iNOS in the small intestine of LP-CQPC02-H mice was the closest to that of the normal mice. 
Discussion
Constipation is a common intestinal disorder in the population that mainly manifests as difficult defecation, irregular defecation, and dry excreta. Clinical observation shows that constipation can cause body weight loss [19] , and a previous study showed that mice with induced constipation can also lose weight and that constipation in animals can cause slow weight gain or weight loss [20] . Our experimental results show that LP-CQPC02 has a good inhibitory effect on the weight loss of mice caused by constipation. In the constipation state, the peristalsis rate of the small intestine will decrease, and the feces in the small intestine cannot flow through the small intestine normally and remain inside, thus breeding bacteria to further increase the degree of constipation, forming a vicious circle. As a result of constipation, intestinal motility slows down, resulting in feces remaining in the intestinal tract for a longer time, so that the first black stool discharge time increases. Animal experimentation has proven that for the intestinal tract in the normal state, the first black stool discharge time is 8 Journal of Food Quality shorter, and in the constipation state, the first black stool discharge time is longer [16] . Another experiment proved that proper supplementation of probiotics can reduce the symptoms of constipation [18] . e current study also proved that LP-CQPC02 can inhibit constipation in mice through the first defecation time.
Pathological observation shows that constipation can lead to small intestinal injury and affect the shape of the small intestinal wall and villi. e degree of constipation can be judged by observing the pathological morphology of the small intestine [18] . In the current study, H&E staining showed that LP-CQPC02 can effectively alleviate the tissue damage in the small intestine caused by constipation and thus alleviate constipation. Clinical studies have shown that changes occur in ET, SS, MTL, Gas, and AChE levels in patients with constipation [21, 22] . ET plays an important role in the stability of vascular tension and maintenance of the basic cardiovascular system and can improve intestinal vitality [18] . SS can stimulate intestinal motility, prevent decreases in the gastric emptying rate, strengthen smooth muscle contraction, and relieve constipation [23] . MTL can stimulate pepsin production and promote intestinal motility, and a reduction in MTL release will reduce gastrointestinal peristalsis [24] . Gas has a significant role in alleviating constipation because it can promote gastrointestinal secretion and gastrointestinal motility, as well as promoting pyloric relaxation [25] . AChE is an important neurotransmitter in intestinal motility, and it can regulate muscle contraction and mucus secretion, relax muscles, and promote the excretion of feces [26] . Our study also confirmed that LP-CQPC02 alleviated the effects of constipation on mice, and the ET, SS, MTL, Gas, and AChE levels were similar to those of the normal mice. ICCs (interstitial Cajal cells) are the pacemaker cells that cause an intestinal slow wave, and ICCs also play a role in intestinal nerve signal transmission; therefore, gastrointestinal function is affected by ICCs [27] . A study has shown that the density of ICCs in the intestinal tract of constipation patients is lower than normal, which leads to a decrease in the postsynaptic reaction of ICCs and neurotransmitters.
is results in the loss of the role of ICCs in spontaneous slow wave rhythm, resulting in irregular colonic motility and affecting intestinal function [28] . c-Kit can be used as a marker for ICCs to indicate ICC proliferation [29] . However, the concentration of SCF plays a decisive role in the reproduction of ICCs, as ICCs cannot grow in the absence of SCF. A previous study also showed that the expression of c-Kit in the colonic tissue of the control mice decreased if the ICC content in colonic tissue decreased [16] . Lactobacillus can effectively increase the content of c-Kit in the intestinal tract of constipated mice, increase the content of ICCs, promote intestinal peristalsis, and relieve constipation [18] . In our experiments, the expression of SCF and c-Kit also decreased in the small intestine of mice with constipation induced by activated carbon. LP-CQPC02 effectively increased the expression of SCF and c-Kit in the small intestine of constipated mice. e increase in the expression of SCF and c-Kit increased the expression of ICCs in the intestine of constipated mice, thus inhibiting constipation.
TRPV1 can affect constipation. After TRPV1 is stimulated, it releases neurotransmitters through protruding corpuscles and affects the normal peristalsis of the small intestine. e expression of TRPV1 in the small intestine will increase after the injury caused by constipation. erefore, the expression of TRPV1 can indicate whether the small intestine is damaged or not. e intestinal damage caused by gastrointestinal diseases can also increase the expression of TRPV1 in patients with constipation [30] . e weakened gastrointestinal motility of constipation is intertwined with the intestinal nervous system, and GDNF can restore injured ganglion function to a certain extent, repair the injured intestine, and effectively inhibit constipation [31] . LP-CQPC02 can reduce the expression of TRPV1, and also increase the expression of GDNF in the small intestine of constipated mice and thus alleviate constipation.
Nitric oxide synthase (NOS) participates in the regulation of gastrointestinal motility. An increase in NOS will lead to an increase in the nitric oxide (NO) content, affect intestinal function, and cause constipation [32] . A continuous increase in NO can cause colon dyskinesia with increased severity [33] . Endothelial dysfunction may cause constipation, and decreasing NO bioavailability is an important factor in endothelial dysfunction [34] . NO is synthesized by NOS. ere are three different subtypes of NOS, including NOS1 (nNOS), NOS2 (iNOS), and NOS3 (eNOS). One of the main inhibitory neurotransmitters in the intestinal nervous system is iNOS, which causes smooth muscle relaxation and weakens gastrointestinal peristalsis.
e iNOS content has been positively correlated with the amount of iNOS-positive fibers, and an increase in iNOS will affect intestinal function, leading to constipation. erefore, controlling the amount of iNOS can prevent the occurrence of constipation [35] . iNOS is not expressed in the resting state, but increased amounts of iNOS and NO are produced [36] when the body is injured or under other pathological conditions. Reducing the levels of NOS and NO can alleviate constipation [37] . In our study, we found that LP-CQPC02 significantly downregulated the expression of iNOS, thus alleviating constipation.
In the artificial bile salt tolerance experiment in vitro, the survival rate of LP-CQPC02 in 0.3% bile salt was nearly 20% (unpublished data) after 24 hours, and the survival rate of LP-CQPC02 in artificial gastric juice at pH 3.0 was over 90% after 3 hours, which showed that LP-CQPC02 could effectively enter the intestinal tract through the stomach and play its role for a long time.
In this study, the inhibitory effect of LP-CQPC02 on experimental constipation was examined. is bacterium is a newly isolated strain obtained from traditional natural fermentation of Paocai from Sichuan Province, China. Animal experiments showed that LP-CQPC02 alleviated constipation in mice, and biochemical tests on serum more fully prove that LP-CQPC02 inhibits constipation. Deep qPCR provided gene expression results that clarified the mechanism used by LP-CQPC02 to relieve constipation. LP-CQPC02 can increase the normal physiological activity of the small intestine and alleviate constipation by enhancing intestinal motility, maintaining intestinal health, and inhibiting the effect of constipation.
e effect of LP-CQPC10 is positively correlated with the dosage of bacteria used, and because it possesses a significantly stronger effect than that of commercial LB at the same concentration, it has good development and application value. Sexual maturity of mice was at the age of 6-7 weeks; this study focused on the role of CQPC02 in adult animals. Further studies on the effects of LP-CQPC02 on mice at different ages are needed in future experiments.
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